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THE VERTEX DETECTOR FOR THE
LEPTON/PHOTON COLLABORATION

J. P. Sullivan, J. G. Boissevain, D. Fox, H. van Hecke

B. V. Jacak, J. S. Kapustinsky, M. J. Leitch,

1’. L. McGaughcy, J. M. Moss, W. E. Sondhcim

Physics Division, MS D456

Los Alamos National Lab

Los Alamos, NM 87545

Abstract

The conceptual design of the vertex detector for the Lcp-

ton/Photon Collaboration at RHIC is described, including simu-
lations of its expected performance. The design consists of two con-
centric Iaycrs of single-sided Si strips. The expected performance
as a multiplicity /etector and in measuring the pseudo-rapidity (q)
distribution is discussed aa well M the expected vertex finding effi-

ciency and accuracy. Various optiom which could be used to reduce
the cost of the detector are also discussed.

1 Introduction and Design Assumptions

I



to 10% or less, this implies that the detector will need at least 50K channels in
each layer.

Finally, the vertex detector must find the vertex. This should be done
approximately (to within = 1cm) at the trigger level, with a more accurate
determination (= lrnm) offline. Any vertex finding algorithm requi~ es several
charged particles in the detector, which is not a serious constraint for Au +Au
collisions. However, in order to consistently find the vertex position for p+Au

and p+p collisions, where the charged particle multiplicities can be much Iowcr,
a large fraction of the total solid angle must be covered.

2 Vertex Detector Conceptual Design

The conceptual design of the vertex detector was based on two concentric,

approximately cylindrical, barrels of single-sided 300prn thick silicon strips with
100pm pitch 2. Fig. 1 shows schematic views. Half of the strips in each barrel
are oriented parallel to z (the beam direction) and half orthogonal to z. The
parallel and perpendicular strips are sometimes called “r-#’ and ‘z” strips,
respectively.

The inner and outer detectors should not move relative to one another;
details of these c~nstraints are dbcussed in a later section. The detector should
be constructed from “Inddera” which maintain accurate relative positioning of

the inner and outer detector wafers in each azimuthal segment. Each ladder will
be constructed from Rohacell@ foam’, which is a very light (reduces multiple
scattering) but rigid foam whose coefficient of thermal expannion is close to

that of Si. Using a ladder-like structure, rather than a solid piece of foam,
further reduces the mass of the support structure and permits better airflow
for cooling. liked on the expected power dissipation of the chips, preamps,
and transmitters, the assembly will bc air-cooled.

The Iaddcrs tit into a graphite/epoxy mechanical structure with a small
coc~~cicnt ot’ thermal expansion. The thermal expansion of the different picccs
of tk detector must bc considerc.d to maintain position accuracy. A Iargc

nlismntch in the coc~lcicnts of thermal expansion of the detector wafers and
the Rupport strucluro could also result ill mvcrc dmnage to the dctmtor. ‘W

nmd~llar Constrlwtioll of the dclcctor allows sonw mzimuthfd srgmw]ls 110IN*
rt~lil~~vwlif 11(’c[’ssilry.
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inner
inner
outer

outer

Totals

strip R wafer size I @ # of strips/ total

type (mm) (mm x mm) segments wafers wafer strips

II 61.1 64X50 3 20 640 38400
1 61.1 32 X 50 3 40 480 57600

II 91.7 96X50 3 40 320 38400

1 91.7 48 X 50 3 40 480 57600

140 192000—

Table 1: Summary of the number of channels in the simulation of the vertex
detector. The shape is approximated by a cylinder, whose radius is given.
I’itrh= looprn” except parallel strips in the outer barrel, where 150pYn is assumed

tothe ~eam, there we some further diflerenc= betwwn the simulations and a

realistic design. The simulations assume 150prn pitch for paralle! strips in the
outer barrel, with 100pm pitch in the rest of the detector. This assumption
is con’,’enient because it means that the parallel strips in the .inn~r and outer

barre’ each occupy the same Ad.

The total number of channels per barrel shown in table 1 is about a factor
of two larger than the estimate in the introduction. This was necessary because

the distribution of particles along the length of the detector is not uniform, and
because single particles can hit more than one strip — a serious problem for
strips perpendicular to the beam.

The particle distributions in the simulatior~ all come from Fritio~. These
simulations were done for p+p, p+ Au, and Au+Au collisions assuming

100GeV/nucleon beams. The average charged particle multiplicities from these
calcu lat ions are shown in table 2. The vertex position was assumed to al-ways be
on the central axis of the vertex detector. The z position was varied assuming

a Gaussian distribution whose tails were cut 011 so that all interactions were
umumcd to tnkc place within +50cm of the center of the vertex detector. The
Gaussian distributions assumcd5 UI =20, 16, and 5.7cm, for AU I

and p+ p collisions, respectively.

-. ——
-: Nt.,nl >

Au, p+ Au,
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Figure 2: Assumed c~cicncy a.. a function of pm of Si traversed in a cell.

Each charged particle produced in the simulation was tested to scc if it would
hit the vertex detector; uncharged particl- were ignored. If a particle entered
the vertex detector, the program calculated which parallel and perpendicular
strips would be hit. Multiple scattering of charged particles in the inner barrel
of the vel tcx detector was included. To appro~imately account for the support

structure and electronics, the multiple scattering calculation assumed that the
inner barrel of the vertex detector was twice its real thickness. Particles were
aliowcd to hit more than one strip. When a particle hit a detector barrel, the

program calculated how much silicon a particle would pass through in each strip
of the detector. A minimum-ionizing particle (mip) will lose an average of 116
keV in 300pm of Si. The result of this was an array giving the amount of Si
(approximately equivalent to the energy loss) that particles passed through in

a strip.

The array giving the amount of Si traversed in each strip is used to generate
a pattern of “hits” in the strips. This is done using the efficiency function shown

in fig. 2, which shows the efficiency as a function of’ the amount of Si travcrmd
in a strip. The maximum cfficicncye was assumed to bc 95%. A ‘threshold”,
corresponding to ~mip (or 75pm of Si here) was assumed. A noi~c Icvcl, which
was vuricd from O.1% to O.O1°~ was included in the efllciency function -- this
mcims tlmt a strip w!lich wss not hit has a small probability ( l)”~i~~)to hc “011”.

1(a strip wa.. “ON” tll(?n (!it~!]of the adjmx!nt strips W(!rc&w!Im(!d to lliLV(?ii 1oo~

prolml)iliuy to IN! “on” too inlrodllcing sofm! ch;u~r sllarilll~ dr(l(:t~into i,lw

:;illllllaliflll, ‘1’his lin:tl ilrt’il’j !Iolds tlw Id.tcrll of :itrip:; (.Ililll wvr(! “on’” or “or
11[)allitl[q~ illforlll:llli(~ll is IIS(’11ill 1,11{’nll;tlvsi:; of 1)11(*vv(’llts. ‘1’11(1 ill’ fil~ wiu;

LIIvi I II:it*tl ;IS illl)lilj lx) itl~~flril,llllu+ lx) Iilld lhf* vortox , d/V/d?l, ;IIIfl LII~s fllllll,il~liiil,y.

‘1’lI(t iliilvr I);wlf’1 lIiI:i N “r;ltlill:;” {)1 Iil (i. lct II, (oll:;llt”;lill(*(l I)y 1,11(’ 11(’:1111

I)il)f’ r,ltlill:i 01 !) f III. [1 II i:; h) I)f ’ IIIIJ;I:;III(*(I f) Ill, 1,{) I :1, 1,1111lI*IIl\l,l I (II I,llft (I{sLIII.I.(11

lllll~i{, Ill, I 1~1/lflfl(fi”) I :I~f III. A INIII,III (II !)() 1“111 lIiI:i tI(V~II ( II():;(III, ‘[ ’II(s



variation in the vertex position means that for some events the coverage will
extend above (below) q = 3 in the forward direction with a compensating
decrease (increase) in the coverage around q = –3. The “radius” of the outer
barrel is & = 1.5 x RI = 9.2cm.

In the following sections some discussion of the 10SSin performance expected
from a modified design has been included along with the discussion of the
detector described above. In these discussions, the conceptual design described

here is compared to the vertex detector described in the Tales/Sparhc Letter of
Intent’, which covers only 1/3 of the azimuthal angle with strips perpendicular
to the beam and is 64cm long instead of 100cm.

3 The problem of the angle of incidence

Particles entering the detector far from the vertex have incident angles nearly
parallel (= 7°) to the surface of the vertex detector. Consequently, a single

particle will pass through many strips if the stl ips are oriented perpendicular
to the beam axis. The number of hit strips aa a function of z is N#~~ip, -
(300prn x z)/(100jzm x l?) = 3 x z/R,
where z is the distance from the vertex and R is the radius of the barrel.

At the ends of the detector, about 25 strips are hit in the inner barrel, for
discriminator thresholds at ~mip, as in E789 at Fermilabc. This threshold

represents the highest threshold for full efficiency for normally incident particl~;

Landau fluctuations allow the energy loss in 300~m of Si to be as small as 1/2
of the average energy loss. If this signal is split equally between two strips,
then the signal in each will be 1/4 of the mean. Particles incident nearly

parallel to the surface would give about 1/3 of the signal (- ~mip) expected

from a particle at normal incidence (~ lrnip). So all 25 strips could register
hits — drastically increwing the apparent occupancy. Realistically, considering
Landau fluctuations in the energy loss in a thin layer, a threshold at ~mip,
compared to a signal of about ~mip would probably give some strips which

would bc “on” and some which would be “off”. This situation would make
accurate mcrmurcmcnts of the multiplicity and dfV/dq cxtrcmcly di~lcult.

One wdutioll 10 thisproblcm is to turn the strips para!lel 10 tlw IN-WI di-

r(!ction. 111this cam, a pitrticlc at a I](!arly pnralh!l incidcncc anglo wouhl ~ivr

;L lar~t’ Sigllill (= 10rllip), CSW’l!lliiLlly:Lll ill om’ sllri l), ‘1’his (’iL%(’S11114’llwiwllrv-
I]wllts of d/V/d7~ ;111(1Inull, il)licity, 1)111,ill CH’iLsPs tllv (Iytlalnir r;~l~l!vIIVWI(*[Iill
1,110 rli!cljrorlics.



4 Analysis of Monte Carlo Events: Multiplic-
ityy

The total multiplicity (N(Ot.l) and the detected multiplicity (N~ea,) are related
via (N~.m,) = F(N,O,~), or N,.M s N~c.@/l’, where F and JVcOtdare given in
table 2. The uncertainty on ArtOC.ldue to statistical fiuctuationsa in the number

of particles in the detector is:

(1)

Using the numbers in table 2 with cq. 1 allows the value of a~O~.l/N~Otalto hc
estimated as 1%, 1370, and 19% for Au-I-Au (central), p+Au (rnin-bias), and

P+P, respectively. These fluctuations in the fraction of the particles detected
set limits on the performance of the detector as an event-by-event multiplicity

detector.
The performance of the detector will introduce further uncertainties in the

multiplicity measurement. The important factors included in the simulations
which affect the multiplicity measurement are the efficiency of the individual
strips (see fig. Z), noise, the number of strips “hit” by a single particle, and

multiple hits on a single strip. However, corrections for all of these effects can
be made.

When6 Pm.,, = 10-3, the average number of hi’s due to noise in the parallel
strips will be 38.4 per barrel. This is not an important correction for central
Au+Au collisions, b~t is significant for p+p and p+ Au. In these cases, this
(pessimistic) noise level is frequently greater than the number of real hits in the

inner barrel. Therefore, it will be important to both minimize and understand
the noise in the detector.

Eq. 1 gives an estimate of the loss in performance from a reduction in the
coverage of the vertex detector. Given the large multiplicity in a central Au+ Au

collision, a sightly smaller detector would give a good measurement of the mul-

tiplicity. However, the reduced coverage of the vertex dctectm dcsc.rihcd in
the Tides/Sparhc Icttcr of intent’ would further degrade the already marginal

accuracy of the p+p and p i.Au multiplicity ]Ilt!,zs{lrcillcllts. Althmgl) the solid

angle cmwra~c of such a dctmtor wollld 1)(!sllllici~llt to [Ilcasllro the Illlllliplicil.y
for ~(~iltri~l AII I /\II collisions, il,s IIW*of pnrnlkl itlol](~ ,qLrii)s cOIII(I c~}tlll)licn[,v

tllr 111(’i~sllr(~ft][![lt.

‘1’11(’ 1)1’0111(’111::;I:::+f)f”iilll(qfl iviltl I.111) II N~’Ilf I 111(1,1 :~llll’ 1114.111 ;11’(’ :.illlil;lr III llIf I:; II
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determination of the vertex to a!low calculation of the pseudo-rapidity (q =

– In (tan (~))). dN/dq measurements are generally averages for many events.
Statistical fluctuations in the average over many events are therefore less im-
portant than the event-by-event fluctuations in the total multiplicity. Conse-
quently, dN/dq measurements should be possible for p+p, p+ Au, and Au +Au.

First, the vertex position must be found, this is discussed in the following
section. Next, the range of q occupied by each chip is calculated. Because the
chips with strips paralle! to the beam give more reliableinformation on the

number of hits, only those arc used to calculate the number of hits (~h~~) in
each range of q. Corrections for the efficiency, noise, double hits, and charge

sharing arc made. The “measured” dN/dq value k the average of Nh,t/Arjover

many events.

Fig. 3 compares the ‘real” and “measured” dN/dq distributions for p+p,

P+ Au, and Au+Au events. The shapes of the ‘me~ured” distributions are
always close to the ‘real” distributions. Since the distributions are calculated

using the vertex found by the pseud~tracking algorithm, which does not always
find the correct vertex, some of the differences may be from events with an
incorrect vertex position used in the calculation.

As with the multiplicity measurements, noise complicates the dN/dq mea-
surements. The number of particles which hit each chip is much smaller near
the edges of the detector, but noise causes a constant fraction of the strips to

be “on”. This means that the signal/noise ratio is much worse (factor of s
10) at the largest I q I values. For p+ Au, even w-ith the optimistic assumption

that Pnti,. = 10-4, the signal and noise will be comparable around q = +3,
resulting in larger statistical uncertainties on the points around these q values.

This noise problem will be worse for p+p collisions where the multiplicity is
lower, but unimportant for central Au+Au events.

6 Analysis of Monte Carlo Events: Vertex
Finding

‘1’he vertex detector must also bc aldc to find the vertex. As m aid in undcr-
slall(lillg this process, figs. 4-5 show the l~llrrdmr of hits on the vertex detector
vs. z for a p I p event MI(! for a Au I AU event. IIits orl the I)ilr;lll(’1stril)s (Irft
si(lo) ;J,nrl l)orpcll(liclll;~r strips (ri~llt si(lc) aII{i orl tlIc illtler I)a,rrrl (1,01)) allfl

ollt,or tmrrrl (I MLOIII) ;krv sh~vwll !i(’~)ilril.t(!ly. For 1)(’rl)(?ll(liclllilr stril)s tlld 1111111-

l]t~r of rlllsllf~rs of ~(ljilC(!llt I]il,s Vs. Z is Sllmvn tIt)l, l,lIr r;lw [lllllll~vr of lli Ls.

‘1’IIv r{”;ll vvrt,(’x I)osil,ioll:;” itr(~Illiirk(vl, ]]y 100kill};” ill, f,lI(w~ Iigllr(v;, it, is (“lv;w
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6.1 vertex from Center of Gravity

The simpiest algorithm to find the vcrt.cx in a symmetric collision would be.

10 find the center of gravity (CG) of all hils. IL is n~ot clear how well {his

should work in the asymmetric case of p-+Au. However, by taking the difference
between the CG in the inner and outer barrels, if could be possible to projecl

towards the vertex in this case. Information from parallel strips only was used
to find the vertex from the CG, using two iterations. First, the whole hits

distribution (see the left sides of figures 4-5) was used. Then an equal number

of channels above and below this initial CG were used to improve the vertex
position mc=urcment.

There is a statistical limit to this method. The minimum uncertainty on
the vertex position is =(rrns width)/fi zA1.4cm for central Au+Au collisions,
which is below the vertex resolution required at the trigger Ievcl (s lcm),
but insufficient for the offline analysis (s lmm). The actual vertex resolution

found using the CG method was cr=2.lcm for Au+ Au. For p+p and p+ Au,
the number of hits on the vertex detector is much smaller and the statistics do
not e.llow a sufficiently accurate estimate of the vertex position using the CG
only, especially when random hits due to noise are included.

6.2 Vertex from Pseudo-tracking

Another method used to find the vertex is based on ‘pseudo-tracking.” This

method tre~ . all pairs of h!lti in the inner and outer barrels as potential tracks

and calcula a vertex position from them. ‘l’he real vertex appears as the
most probab, value of the vertex position.

There arc two stages in the pseudo-tracking vertex search. First, only the
parallel strips are used, obviating the need to test all pairs of hits an each parallei

strip covers a small Ad (azimuthal angle). l’articles from the central axis of the
vertex detector have the same # at each barrel, except for small variations duc

to multiple scattering. Fig. 6 shows a distribution of the change ill the strip
numlmr hit in thr outer Imrrcl duc to multiple mattering in the inner Imrrcl;

most particlm Ilill the ouh!r Imrrd within -12 strips of the cxpcctml po: ‘tioll. For
oaclI I]ilillth(’(mlcr Ilarrcl, all hits in t]l? illncr I)arrf!l which arc within I 2 slril)s

;IIV IISWI Lo rml CIIld40 .I possil)lv wrtvx lmsitio!l, ‘1’hc loi) p;lrl of li~, 7 sllow~ 1,110
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Figure 6: Probability ‘m. the difference in the parallel strip in the outer barrel
which was hit and the strip that would have bccm hit with no multiple scattering.

All charged particles which hit both barrels arc included.

Because the peak found using ps~udo-trackhg with parallel strips is broad,
the vertex position is estimated by taking the center of gravity of three bins

around the maximum. Because the strips are long (5cm) in the z direction,
this method can not give very good vertex resolution. Fig. t? shows the vertex

resolution for p+p, p+ Au, and Au+Au using pseudo-tracking with parallel

strips only. For p+p and p+A u, this method gives better resolution than the

ccntcr of (CC) and is much less noise sensitive, However, pseudo-tracking with
parallel strips alone still does not give a vertex resolution for p+p which is
significantly better than the variation in the vertex position itsel~.

Tilis first stage using parallel str;p~ is USCCI‘,o estimate a vertex position.
‘Nw second stage of the vertex search uscs perpendicular strips which arc short

in LIICz direction ( 100/~m), and dctcrm,!nc the vertex much more accurately,
Ilcginning with MI approximalic vertex rmlucm tho range of vertex positions to
IN marched and incrcascs lhc spcwl or 111(!nl[:orithm. ‘1’11(?second Rtagc of th(?
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lhe first stage of pscud~tracking are tested. For p +p and p+ A u, this rangu
is expanded to + 10cm. A histogram of vertex positions is calculated from t hc
pairs of hits. An rxamplc of onc of these histograms is shown on the bottom
part of fig. 7. The vertex position appears as the peak in this distribution.

Fig. 9 shows the vertex resolution using both stagrs of pseudo-tracking.

The correct vertex is found in all events tested for certral Au+Au collisions.
For p t p and Au+Au the correct vertex is usually found. Table 3 summarizes
the cfllciency of pseudo-tracking vertex search for different asaumed Icvcls of
noise for the three systems. “Total events” and ‘triggers” are the total nunhcr
of M~JIItP Cnrlo cwmts and the number of those that satisfied tlw “trigger”

c:mdit ion at Iwmt two charged particles hittin~ both cylinders of tlw vertex

detector. ‘1’hc column Iahclcd “% of triggers” gives the c(lkicncy of the w?rlcx

swmch algorithm — the fraction of the events fur which the vertex found w,as
within 5mm of the true vertex. ‘The last column gives the resolution of the
vertex finding algorithm based on the widths of the peaks in fig. 9. l’hesc
widths arc upper limits duc to the size of the bins used in the pscud~tracking

algorithm. Especially for p+p collisions, noise has a significant efTcct on the

vertex finding cfiicicncy,

Isystem P~i#,

.—
p+p
p+p

p+p
p-{-Au
p+Au

p-i Au

Au+Au

O.0001
0.0003
0.0010——
O.0001
moo3

0.0010

0.OO1

Tot al
events

2000
2000
2000

2000
2000
2000

150

‘Triggers

1699
169!J

169!?

1921
1921
1921

Iho

>

%Of o
triggers mm

91% <0.4

486% <0.4
71% ~o.4
97% <0.3

A
94% <0.3
90% _<0.3

100% J/(’).2

‘1’nl)lr 3: ltflicicncy of pseudo-hncking vertex search vs. assumed Icvcl of noim

for p-I-p, pIAu, Au-I. Au. Jntcractic.m diamond assumes al =- 5.7, IG, 2(kIII for
p I p, [) I Au, AU I Au, rcspcctivcly. Hcc text for cxplmmtion of columnH,

t\ vI*ll IIk 11111.Iv 1111 Iihl’ IIIIJ 1111111111:11Iil}lul ill 11111‘l’;Il(I:I/!+lJIII III 11111111III illll’111 ;
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systcm Pno~fle Total Triggers Vertex % or
events correct Triggers

p i-p 0.0003 2000 1699 1228 72%

ptAu 0.0003 2000 1!321 1662 87%

Au-.-Au 0.001 150 150 150 100%

Table 4: Efficiency of pseudo-tracking vertex search for p+p, p-~Au, Au+Au
with only 2 azimuthal segments of perpendicular strips used and a length of
(Mcrn. Interaction diamond assumes al = 5.7, lG,2!’)cm for p I-p, p+ Au, AU +Au,

respectively. Compam this to table 4, using the full detector.

which had only 2 azimuthal segment.s of slrips pcrpcnclicular to the beam,

instead of 3, and was 64 cm long, instead of 1(.)ocm, could still find the vertex,
but with reduced efficiency. Table 4 shows the expected vert,ex finding efTlcicncy

for this detector configuration. The e~ciencies are smaller (compare to table
3), especially for p+p, but if the cost savings are large enough, the eff’’ciency

loss may bc acceptable. Some efficiency !s lost when the vertex is outside the
shorter detector. However, tests with the full detector configuration show that

the pseudo-tracking algorithm can find the vertex in central Au+ Au collisions
in 94 out of 100 events even when it is 50cm outside of the detector (lOCkn~
from the center of the detector), although the resolution falls to u s 2mm.

6.3 Vertex from the Correlation Method

The most interesting of the vertex finding methods tested here is baaed on
correlations between the pattern of hits on the inner and outer detectors. This

method uses a single row of chips on the inner barrel and the corresponding
cowragc on the outer barrel, m l/6th of the total circumfcmncc,

When an interaction occurs, tracks project outward from the vertex, pro-

ducing n pattern of hit ritrip~ on the inner and outer barrel. To flrnt order, the
pnttcrn on the outer barrel ifl equal to that on the inner barrel cxccpt tlmt all

distrmccs Iwtwccn hit strip~ nrc incrcn,sml I)y a factor of (lty/ l?l ). II’wc tnkc tlw

pnttml) on tho olltor Imrrrl, nn(l ~hrink it hy n f~~.ctorof I?l /1?2, wc WOUI(lIw

id)lr t,o I,;lkr this now [mttrrnt ;md di[lt’ it ;LIOIII! I,IIC innvr Imrrrl ~ll~l,il llwrv is

h I]orfm.1, tIlnh:ll l~vlwm~ll 1,110hill lmtl,(!rll~ (JII {,111’I,w{) l~;krrvls. W(’ :w;lrcll for 1,111~

lllnh”l I 1~.ylorillitl~~ 1,11(’r[wrvlillli~~n fllllc{,ir~ll !WIIWIWII I.111*lm{,l,rrlt:i iI:I n f’~lllrl,it~ll td

rf~lht,iv{l I}{wil,itlll x, I“(}r ;IIIy z \VII iilllll,il~ly ( “;IIIfl” ill h:lr~lwnrv) 1111(1vnl IIv (d I,lw
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ideal case. The value of z in this czuse translates directly into the event vertex
position with a resolution eqllal to onc strip width.

A har~iware implmnentation to deliver this vcrt.ex position would cxocut.c
the calculation dcscribcd above on each pair of inner/outer chips in paraitcl.
Thus one of the 20 pairs finds the vertex, all others turn S~I)null answers. This
algorithm works for central Au +Au events, but for the er multiplicities of

p+p and p+Au collisions, there arc not enough hits per chip to reliably find
the vertex, However, offline the algorithm could bc extended to use all hits in
all chips, and the method would also work for p+Au and p }p collisions. III this

limit the algorithm’s efficiency would be similar to that of pseudo-tracking.
A series of tests were done for /?, = 6cm and Itz -- 12cm. (Jsing cclltral

Au+ Au events for the ideal cam where each track turns m only one strip and

ignoring multiple scattering, the algorithm finds the correct vertex in 20/20
events with a (peak) /(average background) ratio of about 3/ 1. Allowing each
track to turn on multiple strips due to its angle of incidence increases the ap-

parent occupancy far from the vertex, and the algorithm never finds the vertex
in this CWC. IIowevcr, when clusters of contiguous hits were replaced by a sin-

gle hit, the algorithm finds the vertex in 20/20 cases again, still assuming no
multiple scattering. The peak/background ratio remained around 3/1. includ-

ing multiple scattering spreads hits across neighboring strips, and reduces the
signal without changing the background. In this case the algorithm found the
correct vertex 17/20 times with a typical (peak)/ [aver~ge backgrmlnd) ratio
of about 2/1. The last step wqs to reduce the radius of t}e outer barrel to

Rz = 1.5Ri, which matches the current detector design. This rcducm the e[~cct
of multiple scattering, and the correct vertex is found in 19/20 cases with a
typical (peak)/(average background) ratio slightly larger than 2, An example
of the resulting correlation function is shown in fig. 11, for 7 chips centmred
on the chip over the vcrtox. The channel corresponding to the vcrtmx appears
as the maximum value. Increasing the numhcr of adjacent channels used to
calculate the correlation function would improve the peak to background ratio.

‘1’hc corrclntion method is much frwtcr than the Pscuclo-hmcking nmthod,

Ilowcvcr, Imcaum it requires the pnttcrns of hits 10 Iinc up cxiw.tly in the two
Imrrvl%, it i% Imm! twn~itivr to Ilmltiplu ~cattcrill~ tllim tho l)s(~ll(l(>tjrilc.kil]g

llwthml. ‘1’tlvoll-lim’ vorsioll of thr correlation Ilwthofl rquirm ;L!lhvwt ;LIcw
triwk+ ~:f)itll{illt,() I.IIVrl)il) f)vvr t,lI~I vvrtvx. which ~l(MI:+ II(JI. ~{(’llf’r;tlly IINI)IWII l’or

1) I 1} ;III(I [) I AII II\ II III,S. ‘1’114’olllilw vt’r:+ioll (JI fll{’ cf~rrvl;ltit~li 1114’1.llcIfl, ll:iill~: ;111

:il,rilw, I{ JIIIIII 1,110 rorrvrl, \I~*rh*x ill lH/2[) VV{lIII.:; I“(II” 1) i All, wllirl~ i:; t;illlil;ll 1,11
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7 Alignment requirements

We have assurncd that the vertex needs to be known to better than lmm in z.
In lhe plane transverse to the beam, the definition is already equal to the beam
~izc (uT ~0.45mrn for AU+ AUsIg). Some chip placement aberrations resull in
a track ending up in a strip neighboring the expected one, reducing the peak

value of the correlation function. Preventing this kind of error defines most of

the constraints on placement of the chips in 3 directions, z (along the beam
axis), R (radial), and s (circumferential, or R *d@), plus the 3 rotations around
t :ICSCaxes. The chips lie at radii k, and Itl, which are assumed to be 6 and
9 cm in the calculations below. ‘~!Ic si~c of a chip in the z-direction (Zc~,P) is
taken 10 bc Scm, and the detector “cylinders” have a hexagonal cross-scctio[].

The correlation method is only concerned with the relative placement of chip
pairs, one chip on the inner cylinder and the corrcaponding chip(s) on the outer
cylinder. Here, onc example of the determination of the alignment constraints

is given. The other constraints are determined similarly and are summarized
in table 5.

Consider the displacement in R (AR) of one of the cylinders relative to
the other. When scaling the outer pattern by the nominal R1/Rz, a radial
displacement would result in a pattern that is improperly scaled. A calibration

procedure could find the actual R1/Rz, but the nominal ratio will presumably
be a ratio of integers, hard-wired in a fast vertex finder. In order to limit the
error such that in the worst case, a track is displaced by 1 strip (100pm),

R, Zchip
100flm=—x —

Rz Rz
x AR (2)

This is satisfied if radial displacement of the outer chip is less than *0,3mm.

max. error in max. error for relative

axia relative position rotation about this axis

z (beam) 0.5mm 0.15°

R (transvcrscj 003mm O.1°

s (circurnfcrcncc) 0,5mtn 0.3”—— ..—— -—= ___ _— - ..—-..-.

‘1’nl)lc~}: Suillmary of tolcrnncm in plncclllcnt of inner/outer chip pmirs rolativc

h) V;ICII otll~’r froll) (-orr(’latioll” liloLIIod



The pair must be placed at a radial distance which is known better than
dR ssO.8mm. This should be compared to the size of the Au+Au beam in

the transverse directions89, UT seO.45mm. Table 6 summarizes the constraints
on the positions of pairs of chips relative to the beam. These constraints we

not as stringent as those on the relative positions of the chips.

max. error for rotation
axis max. error about th”w axis

Iz 5.0rnm 1°

R 0.8mm 37”

s co 4°

Table 6: Summary of tolerances on tile placement of chip pain relative to i,llc

beam from correlation method, where each pair of chips are positioned relative

to each other within the tolerances given in table 5.

The correlation method of vertex finding leads to the limits given in tables
5 and 6. The pseudo-tracking method combines a hit on any of the inside
chips with a hit on any of the outer chips, which may pose limits on the relal, ivc

placement of all chips simultaneously, not just in pairs. In order for this met]wd
to work, all pairs must be able to point to the same vertex. This imp!ies relative

placcmcnt requirements between any pairs of chips similar to those in table 5.

However, this is an online method, and the positions of chips may be calibrated
using tracks reconstructed from other detectors. Such calibration would work
for all aberrations except rotations around r and z. However the tolerances
imposed on these angular placements by the correlation method are much more
stringent than anything needed to define a vertex to lmm. Thus the pseudo-
tracking method imposes no further restrictions.

8 Electronics Requirements

There arc several important constraints on the design of the electronics for the
vertex dclcctor. The size and mass must he minimized to prevent space con-
flicts with other d~tcctors and to rninilnizc multiple scattering and production
or sccolld:lfy Imrticlm. ‘1’11(!rlcctronirs s~stclll Illust produce as Iitllc I]r;d, il..
possil)lr; if t,lIo l)ow(w c.ollslllIll)[,ioll” ~iill I)(* k{~[)t,1A)I,II(?orcl(!r of x 1Ill W/(”llill]ll(~l,

lII(!II forc(’(l-; lir cooliilg sfmlll(l 1)(’ possil)lv. Ir ilir cooliil~” is IIOt possihlu, ;L (0111-

I)li(:ilt(s(l ILII(I I)ot(}lltiilll’j oxl)vllsiv(! coolill~” sysblll will I)(* r(vlllirwl, Wllicll W()(ll(l

;I(l(l sij; llifi(”illll, III;WS ill tll(’ vvrtvx r(”~~ioil. ‘1’11(’ Sllill)illl; tilllc or Illlv I)l{*illlll)fi

Ii(*r 11111S1,itlll)\V illflivl(lll:ll 1)[’;~lti crfw;ill~:s (f IvOry :< ‘2[1[111s) Lo INS (lisljilll\llisll(’(l.

Sillcl~ t,lil, v(lrl,{.x (It.l,[v.[,or lllllltil~li[il,y i:; rxlwcl,cwl h) l!)rlll lmrl or I,llv lirsl, bw’1

tri!~,l!er, d :iy:;t~*I II wllirll llI(n’w: Ill Ii:; iill’(lrlll;llli(}n “illl,t~ 1,11(*I)ilwlilw” ilt Llli:; rikl,t’ i:;



needed. This time constraint, combined with the power consumption constraint
eliminates most of the presently available electronics components.

There are several Si strip vertex detectors currently being designed (for in-
stance for GEM and SDC at the SSC), and some already in operationG’lO- 16.
As a result, some components are available. However, none of these compm
nents can be considered completely ‘off-th~shelfn items. Even in those cases
where a similar component has been made before, some modifications will be

necessary. For example, the Si strip detector wafers similar to the ones needed
for this detector have been constructed by a number of vendors’e-zo. However,

in order to purchase them for uze with this detector, a new set of masks must
be made for the appropriate strip pitch and length. Then the detectors must

bc manufactured and tested. Quality control is time-consuming, but vital, as is

working closely with the vendors. A well-defined and complete set of quality-

control parameters must be agreed upon with the venor. For a project of this
scale, automated testing on a probe station will probably be necessary. A cus-
tom probe card and some of the related software would have to be piovided.
Our experience suggests that this process typically takes a18 months (or more)
before all of the detector elements are in hand.

The first part of the electronics system is the connection of the detector
strip to the preamplifier. Although some work is being done to integrate the

front-end electronics and the detector stripslg’20 on a single wafer, we expect to
have a separate front-end integrated-circuit chip which will be wire-bonded to
the detector strips. Here, the 100pm pitch is advantageous since machines exist

for wir-bonding at this pitch. The front-end electronics chip would comist of
a preamplifier, shaper, d“~criminator, and latch. An LED-based optical fiber
readout system, for high speed (ss 100MHz) and low local power consumption
will probably be used. In order to simplify the mechanical design, the electronics

package~ would be s~pported on the Si detector chips.

The simulations have shown that it is possible to satisfy all of the vertex
detector’s design criteria without using ADC’S on the individual strips. This
would six,~plify the systcm and reduce the volume of data produced. However,

a single armlog output for each detector chip wculd bc useful for triggering.
Due to tl:~ angle of incidcncc problems, a simple sum of the analog signals from
Cil.Clldlip would not give the multiplicity without first (letcrmining tllv VCI Lcx

position. For w multiplicity to Iw mml in thf’ triggrr, n s[ll]l or (liscrilllillalOr

olltl)llts fronl Lllc strips I)iLrall(!l to the I)rarll (wll(!r(* = I stril) pcr pnrl)icl(! woIIl(l

1)(’ “Ilil” ) is IIO(!II(*(l. A SItIIIof thr a[litlog sign:tls froill all strips .)II ;L (:llil) illiglli,

1)(’ ~ls(~rlli;if dfV/Jq is CollStiillt ov(’r !,11(’ hgtll of 1)11(1v(!rt(’x (l(!l,(’cl,or (II;Is(v1

011 Fritiol” (:ill(’ lll;l. [,ioll, I,llis is Ilrll(! A l,h(’ 2515% Ivvvl s(’(’ li~:, 3), tlIVII thv
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FNALG~10 bipolar Yes
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different. This quantity could also be useful in triggering. Knowing dN/’dq
implies knowledge of the multiplicity only if the vertex position is known — so
if the multiplicity is needed for the first level trigger, the need for parallel strips
remains.

More work is needed to design, manufacture, and test suitable front-end
electronics components. Some work on this subject has been reported at this
conferencezz’u. This important work should lead to front-end electronics sys-
tems which ars fast enough and have low enough power consumption. A sum-
mary of selected electronics systems for Si F~-it) detector appears in table 6.
None of the currently available components satisfies the combined power dissi-
pation and speed limitations for this detector. In addition, it is crucial to inte-
grate the components into a systcm as soon as possible. It would bc unwise to

start construction of all expensive and complex detector system without carefui
tests of all of the components together. Some of this integration work is already
being done by the P2 group in Los Alamos. Prototype CMOS preamplifiers2b

have been acquired and will bc combined with an OPAL-type strip detector’,
using a Iucally developed hybrid circuit. Tests of this system will take place in

26 following shortly.early 1992, with tests of other systems
‘1’he electronics development can take place using either CMOS Oi bipolar

processes. CMOS circuits arc easier and cheaper to develop, but are not suitable
for long strips, which have Iargc capacitance — this is not a limitation in the
current design, but could be for other designs. It will be easier to develop
circuits with less than 100~m pitch using a bipolar process than with CMOS
— but the current design aasunm loopm — eliminating this advantage. In
general, bipolar circuits use Icss power for the same performance as CMOS.

The radiation damage to a cylindrical vertex detector caused by charged
particles from the primary reaction can hc estimatedl by assuming that dfV/cf~)
is constant over the Icngth of the vertex detector. Assume that a “RI] IC year”
is 107SCClong at a Luminosityzu of 2 x 1020crn-2scc-”1 with afo~ := 6.131), For
central Au +Au collisions mwumc thnt dN/dq for charged particles is constant
nt =800 in the ccntrid region (WC fig, 3]. For minimum-hi~q Au {Au events this

would be rcducml to S2000” With thww mwumptimw, the radiatio:l damage pcr

“11.111(; yuwn cnn IN*wttilllittml:



should not be a problem at RHIC. Neutral particles and the presence of a mag-
netic field around the vertex could increase this dose, but the estimate suggests
that it will not be important.

9 Conclusions

The simulations show that a vertex detector like the one described here will be
able to mcssurc the charged particle multiplicity except for very low multiplicity

events, where statistical effects in the sampling of the distribution limit the
measurement. The detector will bc able to mcaure dN/dq in all CWM sludicd

as long as the noise is understood. The noise will be an important factor in the
multiplicity and dN/dq measurements for p+p and p+-Au.

@n-line vertex finding with high efficiency is possible using the correlation
method for central Au+Au events. OfFIinc, the pseudo-tracking method should

have N 100% efficiency in this case. TIM correlation method can not determine
the vertex on-line for p+Au or p+p because the multiplicities are too low but
the pseudo-tracking method finds the vertex in 90% or more of the p+Au events
and 70% or more Of the p+p events. The pseudo-tracking method breaks down
for charged particle multiplicity Icss than =10, and is affected by the noise ill

the detector.

A vertex detector with reduced coverage’ would make the already marginal
measurement of the multiplicity in p+ p and p+Au worse, but a trigger-level

multiplicity may not be needed for these collisions. For an easily intcrprctablc

multiplicity measurement, at least one segment of strips parallel to the beam

should remain in the system, as the angle of incidence of the particle nmkcs it
di~lcult to extract meaningful multiplicities (or ffJV/dq) from tkc perpendicular
strips. The last 14% in vertex finding efficiency that comes with the mom

cmnplctc vertex detector for p-tp and 8% for p+ Au (compare tables 3 and 4)

may not bc worth the extra cost of an extra azimuthal segment, l[owcvcr, it is

the ~]covcragc out to = +3 imd the correlation mcthml for finding the vertex
which constrain the Icngth of the detector. Reducing the length of the dotcctor

will make the correlation nwthod fnil morr often, clinlinati!lg the pwwihility of
:~llil:l~-rcsol~ltir]ti high-c! licimlry on-line vvrtrx rf!(-oil~lrurtion. ” h’or coll)l)nriw)ll,

il 100(mlIl long ddwtor cowrs !]7.7% iIntl ;~ I X’hiti dollorl,fw cfwvrs WJ,4% of l,ltt~
AII I AI I ill!,t’riw[,if)l] (lii~tlloll(l. If llw illvlli(”i(’llry ;Lll 11111vlltls i:+ iwc(III1.iLl)lv, iI

:illf}rtlrr 14’III!IIII ff)r 1111~’iw,iilllllll;tl :;(q:lllellh \vil,ll l)t’1[~(’ll(liclll;ll’ :+1.ril~s tc)lll(l 1)41

11:;(’(1, I“ol” 10[)[’111lf)ll~{ ;Lzilillll,ll;t,l :;t’[:lllt’llll:i wil,ll Il;lrillll’1 :il,ril):i, 1111(’?l II)VISI;II!{’
i:; Ill;lillhillf’fl,
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position in the transverse direction rnllld hn ~Ylrom~!y !wefs!! in t!w ~lignment

of the delcctm.
There arc still some prohlcms with the vertex detector that require further

study. Thermal expansion and contraction of the detector (and its sl~pport
structure) arc important and related to the power dissipation by the chwtronim.
These elTects arc being studied and will constrain the electronics design. A
study of electronics components with low power dissipation is underway. some

sample detectors and electronic components have been acquired and arc in l}w

process of being tested as a systcm.
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